Abstract
Introduction
The incidence of chronic renal disease (CKD), reported in populations worldwide, is rising because of the aging population and the associated increase in chronic diseases. Chronic renal failure (CRF) is the final stage of CKD, which leads to the necessity of hemodialysis 1 . A study of the Organisation for Economic Co-operation and Development (OECD) indicated an increased prevalence of around 5% per year in member countries by analyzing data from 1990 to 2009 2 .
The data shows an increasing prevalence in Brazil. In 2000, 42,000 patients or 431 CRF patients per million (pmp) required dialysis, whereas in 2007, the prevalence of patients on dialysis supported by the Brazilian Unified National Health System (SUS) was 49.8 per 100,000 (or 498 per 1,000,00) inhabitants (http://tabnet. datasus.gov.br/cgi/tabcgi.exe?idb2011/d22.def, accessed on 07/Mar/2014). In 2012, according to the Brazilian Society of Nephrology census, there were 97,586 people on hemodialysis, i.e., approximately 503pmp 3, 4, 5 . From 2002 to 2012, the prevalence doubled, i.e., 97,586 and 48,806 patients, respectively.
In Brazil, since 1988, the state has legally assumed the responsibility to offer healthcare guided by the principles of universality, integrity, and fairness; however, fair access to health services requires joint efforts from the different political and administrative spheres because of the dimensions of the country and large number of towns with less than 20,000 inhabitants, which amount to over 70% of all Brazilian municipalities 6 .
Furthermore, after the process of strengthening the management of local health systems in the municipalities in the 1990s, healthcare began to be regionalized. Through a Regionalization Director Plan (PDR), the states needed to work together with the municipalities to delineate administrative regions and to establish joint actions and services that could be performed locally. This initiative has allowed the organization of novel healthcare services in these regions, aiming to reduce the inequalities created by distances and poor distribution of health resources.
However, guaranteeing assistance in highcomplexity procedures is an ongoing challenge. Geographical accessibility in a strict sense, i.e., the distance between healthcare services and users, becomes relevant to the analysis of the context because these distances limit the access, reiterating the hypothesis that relationships are more intense when the users are nearer 7, 8 .
These characteristics attract the attention of the SUS managers responsible for the cost of hemodialysis 9 . In 2000s, there was an increase in dialysis clinics from 550 in 2002 to 651 in 2012 3 . Increase in the number of patients and demand for such clinical intervention was crucial in the formulation of the National Policy of Attention to Renal Patients in 2004 1 . CKD increasingly presents an important public health issue, with a strong push toward public policies for health prevention, promotion, and recovery 10, 11, 12, 13 . In addition, patients on hemodialysis, with little prospect of no longer requiring treatment, increase the cost of health systems, and their quality of life markedly reduces. Thus, it is becoming increasingly necessary to organize and facilitate patient access to services 13, 14, 15, 16 .
The SUS is responsible for financing most services but depends on the private sector for significant assistance by contracts with private and philanthropic institutions. Information released by the Brazilian Ministry of Health revealed that there were over 12 million dialysis sessions in public services in 686 nephrology clinics throughout the country in 2012 17 .
This study investigated the distribution of renal patients with access to hemodialysis treatment in Mato Grosso do Sul State, Brazil, in 2012. We mapped these patients, recorded the distance traveled, and estimated the number of patients according to Brazilian Health Informatics Department (DATASUS. http://www.data sus.gov.br) databases and medical records in 12 clinics. The objective was to discuss patient access to hemodialysis in relation to public policies that are expected to improve equality of access to services.
Methods
A cross-sectional study was conducted on all SUS patients who underwent hemodialysis in Mato Grosso do Sul State in 2012. Located in the Central Region of Brazil, Mato Grosso do Sul has a low population density (2,449,024 people distributed throughout 78 counties) and relies on 12 clinics accredited by SUS for performing hemodialysis procedures distributed among 7 municipalities, and 5 of them are located in Campo Grande, the state capital 18 .
This study considered the division of the state into four sanitary regions, namely Campo Grande, Corumbá, Dourados, and Três Lagoas, which are in turn subdivided into 11 micro-regions defined by the PDR. This plan aims to optimize the resources available in each territory to provide access to diverse health services.
Patient information was obtained from the "s_apadbf" database provided by DATASUS in CD-ROM in compliance with privacy and con-fidentiality responsibilities aimed at preserving patient identities. From this database, it was possible to identify patients with the N18.0 code (record in the International Classification of Diseases 10th revision -ICD-10, for chronicle renal failure) who underwent renal replacement therapy (hemodialysis). We could also determine the patient's county of residence and details of their treatment. Patients undergoing peritoneal dialysis were not considered in this study.
For statistical analysis, simple linear regression was used, which allowed the estimation of the number of CKD cases. The coefficient of determination of the model was 60.7% (R²), and the model was statistically significant if p < 0.001. Intersections and angular coefficients of the models (lower and upper limits) were calculated for 78 counties.
For information analysis, seven counties where the 12 accredited hemodialysis clinics are located were considered outliers (Aquidauna, Campo Grande, Corumbá, Dourados, Paranaíba, Ponta Porã, and Três Lagoas).
On the basis of the values of lower and upper limits (95% lower and 95% upper), the counties were classified into three categories according to the number of patients: (a) underestimated: counties where the number of kidney disease cases was lower than that estimated by the model at its lower limit; (b) normal: counties where the number of kidney disease cases lay between the lower and upper limits estimated by the model; and (c) overestimated: counties where the number of kidney disease cases was higher than that estimated by the model at its upper limit.
The survey used the municipalities of Mato Grosso do Sul as geographic units of analysis. We measured the kilometers traveled by each patient from their town to the clinics. The distance was estimated through Google Maps API (http://www.google.com/MapsAPIs) using highways and paved roads, but the distances were not measured between the points 7, 19 . The data were tabulated, and the weighted means were extracted.
This study was approved by the Mato Grosso do Sul Federal University Ethics Research Committee (number 141.800, October 25, 2012) with funding from Mato Grosso do Sul State Foundation for the Development of Teaching, Science, and Technology (FUNDECT/PPSUS 2012).
Results
The Table 1 shows the demographic profile and morbidity of patients on hemodialysis in Mato Grosso do Sul.
Considering the population of Mato Grosso do Sul (2,449,021 inhabitants in 2010), the prevalence of people on dialysis at the time was about 59 patients per 100,000 inhabitants, which is more than the DATASUS records that suggested a prevalence of 55.61, very close to the national average (55.47 for the same year) (DATASUS. Indicadores de morbidade. D.22 Prevalência de pacientes em diálise (SUS). http://tabnet.datasus. gov.br/cgi/tabcgi.e.,xe?idb2012/d22.def, accessed on 07/Mar/2014) (Instituto Brasileiro de Geografia e Estatística. Censo populacional 2010: resultados. http://censo2010.ibge.gov.br/, accessed on 13/Jan/2014) 18, 20 .
Out of the 12 clinics, 5 are based in Campo Grande, the state capital, which accounts for 44.6% of the patients on hemodialysis. The concentration of patients in the capital is shown in Figure 1 . By linear correlation analysis, about 25 percent of counties showed an overestimated currency number of people undergoing hemodialysis, and 15.4% showed an underestimation, whereas the distribution was normal in 59% of the municipalities.
These results suggest that the occurrence of cases per county in 2012 was related to the expected number of CKD patients. The analysis showed an overestimation of the number of patients in all the counties providing clinical hemodialysis. Table 2 shows the number of people on hemodialysis for each county and the minimum/ maximum number of estimated CKD patients. The last column classifies the county according to the actual number compared to the estimated number of patients. The bolded lines show the counties that provide clinical hemodialysis. Figure 2 illustrates the estimated distribution of patients in Mato Grosso do Sul in 11 regions with uneven distribution. It is noteworthy that the clinics are present only in seven sanitary micro-regions, confirming the concentration of services in only a few cities, which does not represent adequate regional distribution of access to treatment.
The ratio of patients on hemodialysis by the site of residence can be seen in Figure 2 . It is also possible to see the concentration of patients residing in places where hemodialysis clinics exist. Irrespective of the estimated number of patients, the disparities among counties are enhanced when the coefficients of patients in treatment are analyzed. In addition, it is possible to observe a larger number of counties with fewer patients in treatment.
Disparities can be seen when analyzing the distances traveled by patients living in the counties with hemodialysis services and those from other counties (Table 3) .
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Discussion
Hemodialysis is required when the kidneys are temporarily unable to eliminate toxic substances from the blood. The increased prevalence of CKD leading to permanent CRF can be seen worldwide 2 .
Considering the determinants of CRF, the disease should have a more or less homogeneous geographic distribution, which was not found in this study. Our findings indicate a displacement of patients towards the treatment centers. The difficult balance between supply and demand has probably generated a concentration of patients residing in counties with clinical hemodialysis services in Mato Grosso do Sul, which implies that patients possibly had to relocate to receive treatment.
The concentration of services should be considered in conjunction with the concept of decentralization, a health policy aimed at increasing equal access to treatment at the local level with more complex services available at the central level 21, 22 . The concentration/dispersion duality, from the viewpoint of supply of services, has implications for social justice and greater synergy between different points of attention 22, 23 .
The complex balance between access and concentration of services needs to be considered in the formulation of health policies. On the one hand, if complex services are geographically concentrated in different intensities, the synergy between the different types of treatment is an extremely important element in the organization of the system. It needs to consider the flow of treatment, communication, and mutual cooperation to strengthen the capacity of the response 21, 23 .
Large number of services in regions with high population density is a recurring issue in Brazil and elsewhere in the world, and access to hemodialysis therapy is no exception to this rule 3, 9 . This problem is not new. In 1998, a Brazilian National Bank for Economic and Social Development (BNDES) report showed a concentration of hemodialysis patients and clinics in the southern and southeastern regions, which continues to this day 24 . A study conducted in Portugal highlighted a higher concentration of hemodialysis clinics in the coastal regions. The average distance traveled by patients was about 33km, ranging from 20km in Lisbon to 75km for patients living in the Vale do Tejo region 21 . These numbers differ from the displacement of Mato Grosso do Sul where patients travel longer distances.
The geographical dimension of access is one aspect to be debated in the formulation/implementation of public policies that, in this study, are being outlined by the offer of either the clinics or the specialists in the disease. To ensure equality in health in a country with broad territorial dimensions, studies and research should be focused on these issues to support processes of better governmental decision-making because public policies aimed at promoting guaranteed access must be devised taking into account multiple variables that form the complex health status of individuals and communities.
On the other hand, the most complex procedures must be arranged to allow for scale not only for economic reasons, in which volume contributes to cost reduction, but also for the quality of services. In high-complexity procedures, large volume permits the specialization of resources, which leads to a higher quality 25, 26 . Although this study has not examined the production of equipment or clinics, it is known that the distribution of services throughout the regions must take into account the human aspects involved in treatment 27 . The supply and distribution of hemodialysis equipment where the procedure is offered continuously, with the peculiarity of the patient undergoing it two to three times in a week, can either facilitate or restrict access 28 .
For patients undergoing weekly hemodialysis, distance is a significant barrier to access. The study identified patients traveling long distances for this procedure, and this limitation needs to be addressed when organizing services for this group in particular. The concentration of clinics in the capital, as shown in Figure 1 , and in 6 other cities in a state as large as Mato Grosso do Sul, may result in migrations in order to reduce barriers to treatment or, in the worst case scenario, result in premature deaths, as a result of the lack of treatment. This situation should be considered when designing public health policies, with a view of distributing therapeutic resources differently from providing specialized care, where concentration of health services and volume of care are the most important criteria 8 .
Public policies in this area should be sufficiently efficient to offer hemodialysis based on the logic of the economy of scale, but they must take into account the geographical dimension of the territory as a major factor in guaranteed access, especially in Mato Grosso do Sul, which has a low population density in a large territorial space. As indicated in this study, the concentration of dialysis clinics in few cities (only 7 out of the 11 sanitary micro-regions) and the long geographical distances can limit patient access to treatment. This hypothesis is supported by the inhomogeneous distribution of chronic renal patients in the state, with a strong concentration in the counties that host the clinics, as seen in Figure 1 .
The distribution of services is a complex issue and poses a challenge to managers who need to reconcile public and outsourced services to meet the demand. Although it is not feasible to offer hemodialysis treatment in all the counties, it is necessary to establish a better regional distribution, considering the 11 sanitary micro regions defined by the PDR, which would contribute to the reduction of travel distances for geographically distributed groups.
The referencing protocols with defined responsibilities and integrated information systems would reduce patient displacement and offer safer and easier access to treatment. Thus, decisions regarding access to treatment should incorporate social and political viewpoints to achieve adequate coverage 29, 30 .
Because the concern about greater focus on economic considerations prevails, the inequality of access is a relevant issue for most European countries, many of which have already developed plans to cope with this challenge. To reduce these inequalities, the use of efficient and integrated information systems is recommended to ensure both initial access to treatment and continuity of care 33, 32, 33, 34 .
In Brazil, in 2010, 9.4% of patients on dialysis underwent peritoneal dialysis 3 . In some European countries, up to 40% of patients receive this type of dialysis, with access to this modality increasing. Portugal is also expanding the service; in the United States and Canada, there are studies that have assessed the differences in costs and quality of life resulting from these different modalities of dialysis 31, 35 .
Peritoneal dialysis performed in home results in cost savings and improves the quality of life of patients as frequent travel is not necessary 27, 28 . Expanding the range of options for treatment, peritoneal dialysis has received investments from the Brazilian Ministry of Health, which launched the program Melhor em Casa with the objective of expanding the service 36 .
Homecare procedures should be recommended in compliance with the established protocols but they still involve difficulties. Doctors may not offer patients the procedure due to this. In relation to patients, the level of schooling, understanding their health condition, family involvement, and the physical and hygienic conditions in the household need to be considered before deciding the appropriate treatment 31, 32, 35 .
Conclusions
The present study used secondary data sources such as DATASUS and patient charts. The analyzed aspects related exclusively to the available data, which restricted the assessment of the socio-demographic profile and patient morbidity. The available data allowed the analysis of the distance traveled, in kilometers. Despite these limitations, this study indicates that the barrier of distance must be addressed when proposing policies in the health sector, which can incorporate different strategies and solutions, considering that distance is a relevant factor for the equality of access of kidney patients to dialysis services.
The results of this study indicate that when planning health service policies, three important aspects should be considered: (a) human aspects along with the issues surrounding the economy of scale and service decentralization; (b) encouragement of alternative treatments to hemodialysis, such as peritoneal dialysis, especially at home; and (c) the structure of efficient and integrated information systems to provide patients with both initial access and continuing healthcare, discouraging a requirement for a change of address/county just to access treatment.
By identifying patients undergoing hemodialysis in Mato Grosso do Sul and mapping the county of residence and the place of treatment, it was possible to identify problems in access to treatment. The results of this survey pointed out inequalities in patient access to an increasingly necessary treatment.
Even with policies formulated to promote the equality of access, the PDR for instance, it appears that this barrier has not been overcome. The managers are responsible for facing the issues concerning patient access to treatment, considering the territory and its extension, the health of the population, and the existing public and private services.
To provide adequate services for chronic renal patients, it is necessary to devise strategies that combine the offer of different treatment options with investments in professional training; the implementation of integrated and efficient regulatory mechanisms are also important. This would improve communication between the different treatment centers and enable the decentralization of services, reducing geographical distances between patient and treatment. 
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